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(54) ELECTRIC WORK VEHICLE

(57)  An electric work vehicle includes: at least one
motor configured to drive one or both of atravelling device
and a working device included in a vehicle; an operation
section (32) configured to direct a rotational speed or
actuation of the motor; a control section (100) configured
to control the motor according to an operation of the op-

eration section (32); and a battery (82) configured to sup-
ply power to the motor. The control section (100) de-
creases an upper limit of rotational speed of the motor,
based on a detected result with regard to a battery con-
dition including a voltage of the battery.
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Description
BACKGROUND
Technical Field

[0001] The present disclosure relates to an electric
work vehicle equipped with a travelling device and a
working device.

Related Art

[0002] Conventionally, work vehicles equipped with a
working device are known. For example, a lawn mowing
vehicle equipped with a lawn mower as a working device
which is driven to perform lawn mowing work is conven-
tionally known. Further, such work vehicles can also be
electric work vehicles equipped with a travel motor, which
is an electric motor that drives a travelling device such
as wheels, and a work motor, which is an electric motor
that drives a working device.

[0003] Forexample,in Japanese Patent No.6121213,
there is described an electric work vehicle in which left
and right travel motors, which are electric motors, drive
wheels on the corresponding sides and a blade motor
(work motor) drives a rotary blade of a lawn mowing unit
(working device).

[0004] Furthermore, in the vehicle described in Patent
No. 6121213, a temperature sensor detects the temper-
ature of the blade motor, and, in a case where the tem-
perature detected by the temperature sensor is higher
than a threshold, an exception speed control section
drives the travel motor so that the vehicle travels at an
exception speed which is slower than the target travel
speed that is determined by left and right control levers.
Accordingly, protection of the blade motor is expected to
be achieved.

[0005] Incidentally, regarding electric work vehicles
equipped with at least one motor that drives one or both
of a travelling device and working device, a high load on
a battery that supplies power to the motor may cause a
decrease in life of the battery. Further, if the upper limit
of the power supplied to the motor is always kept suffi-
ciently low to protect the battery, work efficiency may
decrease. Accordingly, itis desirable to achieve both pro-
tection of the battery and improvement of work efficiency.
[0006] Further, in a case of controlling traveling of a
vehicle equipped with a travel motor that drives a travel-
ling device and a work motor that drives a working device,
the discharge current from the battery may rise exces-
sively if the traveling is controlled according to torque
generated by each motor. If the discharge current of the
battery exceeds the allowable upper limit value, a proc-
ess of cutting off the current flowing from the battery to
each motor, etc., is performed in order to protect the bat-
tery. The vehicle therefor stops abruptly, and thus the
efficiency of work with the working device greatly de-
creases.
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SUMMARY

[0007] The purpose of the present disclosure is to
achieve both protection of a battery and improvement of
work efficiency in an electric work vehicle.

[0008] A first electric work vehicle according to the
present disclosure includes: at least one motor config-
ured to drive one or both of a travelling device and a
working device included in the vehicle; an operation sec-
tion configured to direct a rotational speed or actuation
of the motor; a control section configured to control the
motor according to an operation of the operation section;
and a battery configured to supply power to the motor,
wherein the control section decreases an upper limit of
rotational speed of the motor, based on a detected result
with regard to a battery condition including a voltage of
the battery.

[0009] A second electric work vehicle according to the
present disclosure includes: at least one motor config-
ured to drive one or both of a travelling device and a
working device included in the vehicle; an operation sec-
tion configured to direct torque or actuation of the motor;
a control section configured to control the motor accord-
ing to an operation of the operation section; and a battery
configured to supply power to the motor, wherein the con-
trol section decreases an upper limit of torque of the mo-
tor, based on a detected result with regard to a battery
condition including a voltage of the battery.

[0010] A third electric work vehicle according to the
present disclosure includes: a travel motor configured to
drive at least one travelling device; a work motor config-
ured to drive at least one working device; a battery con-
figured to supply power to the travel motor and the work
motor, the battery having a specified maximum discharge
current; and a control section configured to control the
travel motor and the work motor, wherein the control sec-
tion controls a rotational speed of the travel motor so that
a discharge current of the battery does not exceed the
maximum discharge current during driving of the work
motor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a perspective view of an electric work ve-
hicle of an embodiment according to the present dis-
closure;

FIG. 2 is a schematic configuration diagram of the
vehicle of FIG. 1;

FIG. 3is a block diagram illustrating a control system
of the vehicle of FIG. 1;

FIG. 4 is a diagram illustrating an example of a time
course of battery voltage and upper limit value of a
rotational frequency of travel motors in the embodi-
ment;

FIG. 5 is a diagram illustrating an example of the
time course of battery voltage and upper limit value
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of a rotational frequency of the travel motors in an-
other example of the embodiment;

FIG. 6Ais a diagramillustrating an example of a time
course of battery voltage, remaining charge amount
(SOC) of the battery, and upper limit value of a ro-
tational frequency of travel motors in another exam-
ple of the embodiment;

FIG. 6B is a diagram in which an example of the case
of decreasing the upper rotational frequency limit of
the travel motors in the embodimentiis illustrated with
a relationship between the rotational frequency of
the travel motors and a control position of an oper-
ation section;

FIG. 6C is a diagram in which another example of
the case of decreasing the upper rotational frequen-
cy limit of the travel motors in the embodiment is
illustrated with a relationship between the rotational
frequency of the travel motors and the control posi-
tion of the operation section;

FIG. 6D is a diagram corresponding to FIG. 4 in an-
other example of the embodiment;

FIG. 7 is a block diagram illustrating the control sys-
tem of the vehicle in another example of the embod-
iment;

FIG. 8is adiagramillustrating discharge current from
the battery to deck motors and discharge current to
the travel motors as well as atime course of rotational
frequencies of the deck motors and the travel motors
in another example of the embodiment;

FIG. 9is adiagramillustrating an overview of a circuit
configuration to provide power from the battery to
the travel motors (or deck motors) in another exam-
ple of the embodiment;

FIG. 10 is a diagram illustrating an overview of a
circuit configuration to provide power from the bat-
tery to the travel motors (or deck motors) in another
example of the embodiment;

FIG. 11 is a diagram illustrating an overview of a
circuit configuration to provide power from the bat-
tery to the travel motors (or deck motors) in another
example of the embodiment; and

FIG. 12 is a diagram illustrating an overview of a
circuit configuration to provide power from the bat-
tery to the travel motors (or deck motors) in another
example of the embodiment.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0012] Hereinafter, a detailed explanation is given of
an embodiment of the present disclosure with reference
to the drawings. Although the following description ex-
plains the case in which the electric work vehicle is a
lawn mowing vehicle, the electric work vehicle is not lim-
ited to alawn mowing vehicle and may be any other work
vehicle equipped with a working device that performs one
or more of snow removal work, excavation work, civil
engineering work, and agricultural work. Further, al-
though the following description explains the case of us-
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ing left and right lever-type operators equipped with left
and right operation levers, this is merely an example, and
itis also possible that a steering wheel is used as a steer-
ing controller and that an accelerator pedal installed in
the front of a seat is used as an acceleration controller.
Although the following description explains the electric
work vehicle as being equipped with wheels as a travel-
ling device driven by a travel motor and as traveling by
driving of the wheels, it is also possible that the travelling
device is a crawler or the like. The shapes, number of
parts, arrangement relationships of components, etc.,
explained in the following description are examples for
explanation and thus may be changed as necessary to
meet the specifications of electric work vehicles. In the
following, similar elements are assigned with the same
reference numerals in all of the drawings, so that redun-
dant explanations are omitted or simplified.

[0013] ByreferencetoFIG. 1toFIG. 4, an electric work
vehicle 10 of an embodiment is explained. Hereinafter,
the electric work vehicle 10 is referred to as the vehicle
10. FIG. 1 is a perspective view of the vehicle 10. FIG. 2
is a schematic configuration diagram of the vehicle 10.
Note that, although in the configuration of FIG. 1 to FIG.
4 left and right wheels 12 and 13 are arranged on the
rear side and caster wheels 15 and 16 are arranged on
the front side, it is also possible that the wheels are on
the front side and the caster wheels are on the rear side.
[0014] The vehicle 10 is a self-propelled lawn mowing
vehicle suitable for lawn mowing. The vehicle 10 is
equipped with the left wheel 12 and the right wheel 13
which are the left and right wheels (FIG. 2), the caster
wheels 15 and 16, a lawnmower 18 which is a working
device, a left travel motor 30 and a right travel motor 31
(FIG. 2), three deck motors 60 which are work motors
(FIG. 2), and left and right operation levers 22 and 23
and a working device activation switch 33 which config-
ure an operation section 32 (FIG. 3). The vehicle 10 is
further equipped with left and right travel inverters 84 and
86, three deck inverters 88, and a control device 40,
which configure a control section 100 (FIG. 3), as well
as a battery 82 (FIG. 2) and a battery monitoring device
90 (FIG. 3). The left travel motor 30, the right travel motor
31, and the deck motors 60 are electric motors, respec-
tively. The deck inverters 88 correspond to work invert-
ers.

[0015] The left wheel 12 and the right wheel 13 are
rear wheels supported on both left and right sides of the
rear side of a main frame 20, which is a vehicle body,
and are the main drive wheels. The main frame 20 is
formed of metal such as steel, so as to have a beam
structure or the like. The main frame 20 includes side
plate sections 20a and 20b, which extend approximately
in the front-rear direction at both left and right ends, and
the coupling section 20c, which couples the side plate
sections 20a and 20b on the left and right sides. Between
the rear end sections of the left and right side plate sec-
tions 20a and 20b, a driver’s seat 21 on which the driver
sits is fixed.
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[0016] In the main frame 20, two guide panels 26 and
27 are fixed on left and right sides of the driver’s seat 21,
and the left and right operation levers 22 and 23 are sup-
ported on the main frame 20 so as to protrude upward
from the two guide panels 26 and 27, respectively. The
left operation lever 22 corresponds to an acceleration
controller that directs acceleration of the left travel motor
30, and the right operation lever 23 corresponds to an
acceleration controller that controls acceleration of the
right travel motor 31. The tip sections of the respective
operation levers 22 and 23 are grasped by the driver to
control the rotational directions and rotational speeds of
the leftwheel 12 and the right wheel 13. The left operation
lever 22 is operated to direct driving and acceleration of
the left wheel 12 by changing the direction of the rota-
tional speed of the left wheel 12 to a higher rotational
speed. The right operation lever 23 is operated to direct
driving and acceleration of the right wheel 13 by changing
the direction of the rotational speed of the right wheel 13
to a higher rotational speed. Each of the operation levers
22 and 23 is in an approximate L-shape and has a grip
section 24 extending in the left-right direction at the upper
end section thereof. The grip section 24 is grasped and
operated by the driver. Each of the operation levers 22
and 23 is pivotable about an axis along the left-right di-
rection at the lower end section. Regarding each of the
operation levers 22 and 23, in a case of being tilted toward
the front side with respect to the N-position, which is the
neutral position in the vicinity of the upright position, the
motor 30 (or 31) on the same side as the operation lever
22 (or 23) is controlled to be driven at a target rotational
frequency per unit time (sec™!) that is a target rotational
speed corresponding to forward traveling. The target ro-
tational speed may be set as a target rotational frequency
per minute (min-1). The operation levers 22 and 23 direct
the target rotational frequencies to be higher as the
amounts of tilt become larger. In a case where the oper-
ation lever 22 or 23 is tilted toward the rear side with
respect to the N-position, the motor 30 (or 31) on the
same side as the operation lever 22 (or 23) is controlled
to be driven at a target rotational frequency correspond-
ing to backward traveling, and the target rotational fre-
quency is controlled to be higher as the amount of tilt
becomes larger. Accordingly, the respective operation
levers 22 and 23 direct the target rotational frequencies
of the corresponding travel motors 30 and 31.

[0017] The pivoting positions of the left and right two
operation levers 22 and 23 in the front-rear direction are
detected by a left lever sensor 50 and a right lever sensor
51 (FIG. 3), which are lever position sensors, respective-
ly. Each of the lever sensors 50 and 51 includes, for ex-
ample, a potentiometer. Detection signals of each of the
lever sensors 50 and 51 are sent to the control device 40.
[0018] The left and right two caster wheels 15 and 16
are steered wheels supported on the front end section
of the main frame 20 and are the front wheels. Each of
the caster wheels 15 and 16 is installed so as to be apart
from the left wheel 12 and the right wheel 13 in the front-
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rear direction of the vehicle 10. Each of the caster wheels
15 and 16 is capable of free rotation of 360 degrees or
more about a vertical axis (up-down direction in FIG. 1).
Note that the caster wheels are not limited to such a con-
figuration in which two caster wheels are arranged on a
vehicle, and it is also possible that only one or three or
more caster wheels are arranged on a vehicle.

[0019] As illustrated in FIG. 2, the left travel motor 30
is connected to the left wheel 12 via a left side reduction
gear device 58 which is supported on the rear side of the
main frame 20. The right travel motor 31 is connected to
the right wheel 13 via a right side reduction gear device
59 which is supported on the rear side of the main frame
20. The left travel motor 30 and the right travel motor 31
are respectively supported on the left side and right side
of the rear side of the main frame 20.

[0020] The battery 82 (FIG. 3) is connected to the left
travel motor 30 via the left travel inverter 84 (FIG. 3), so
that power is supplied from the battery 82 to the left travel
motor 30. The battery 82 is connected to the right travel
motor 31 via the right travel inverter 86 (FIG. 3), so that
power is supplied from the battery 82 to the right travel
motor 31. The left travel motor 30 and the right travel
motor 31 are three-phase motors, for example. As illus-
trated in FIG. 2, the battery 82 is fixed to the upper face
side or lower face side of the main frame 20 behind the
driver’s seat 21.

[0021] As illustrated in FIG. 1 and FIG. 2, the lawn-
mower 18 is supported on the lower side of the longitu-
dinal midsection of the main frame 20. Accordingly, the
lawnmower 18 is arranged between the caster wheels
15 and 16 and the left and right wheels 12 and 13 with
respect to the front-rear direction. The lawnmower 18
includes three lawn mowing blades 18a, 18b, and 18c
(FIG. 2) as lawn mowing rotary tools arranged inside the
mower deck 19, which serves as a cover. The upper sides
of the lawn mowing blades 18a, 18b, and 18c are covered
with a mower deck 19. Each of the lawn mowing blades
18a, 18b, and 18c has multiple blade elements that rotate
around an axis oriented in the vertical direction (the paper
front-back direction of FIG. 2). Accordingly, rotating blade
elements are able to cut and mow a lawn. Each of the
three lawn mowing blades 18a, 18b, and 18c is connect-
ed to the corresponding deck motor 60 of the three deck
motors 60, which are work motors. Each deck motor 60
is connected to the battery 82 via the deck inverter 88
(FIG. 3), which is an inverter for the corresponding deck
motor 60, so that power is supplied from the battery 82
to each deck motor 60. Each deck motor 60 is a three-
phase motor, for example.

[0022] The lawnmower may be configured with a lawn
mowing reel as a rotary tool for lawn mowing, which has
a function of mowing a lawn or the like with a helical
blade, for example, arranged on a rotary axis parallel to
the ground surface and is driven by a deck motor.
[0023] FIG. 3 is a block diagram illustrating a control
system 80 of the vehicle 10. The control device 40 is
connected to a start switch 35, a working device activa-
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tion switch 33, the left and right lever sensors 50 and 51,
the left and right travel inverters 84 and 86, the deck
inverters 88, and left and right motor speed sensors 54
and 55. The start switch 35 and the working device acti-
vation switch are installed on or near one of guide panels
26 and 27, each of which guides one of the left and right
two operation levers 22 and 23. The start switch 35 is
installed so as to be operable by the user and, based on
the operation, power is supplied from the battery 82 to
the control device 40 to activate the control device 40.
The working device activation switch 33 is installed so
astobeoperable by the userand, based on the operation,
actuation and stopping of the lawnmower 18 are
switched. If the activation of the lawnmower 18 is direct-
ed, or turned on, by the working device activation switch
33, the control device 40 controls the later-described
deck inverters 88 to be actuated so as to keep the deck
motors 60 rotating at a predetermined target rotational
frequency.

[0024] Accordingly, the operation section 32 directs
the target rotational frequencies of the left and right travel
motors 30 and 31 and directs the actuation of the three
deck motors 60. Alternatively, it is also possible that the
vehicle is configured with only one travel motor instead
of the left and right travel motors 30 and 31 and only one
work motor instead of the three deck motors 60 so that
the operation section directs the target rotational frequen-
cy of the one travel motor and directs the actuation of the
one work motor.

[0025] The control system 80 includes the start switch
35, the operation section 32 including the working device
activation switch 33 and the left and right operation levers
22 and 23, the left and right two lever sensors 50 and 51,
the left and right travel motors 30 and 31 and travel in-
verters 84 and 86, the left and right motor speed sensors
54 and 55, the three deck motors 60 and deck inverters
88, the three deck motor speed sensors 52, and the con-
trol device 40. Although only one each of the deck motors
60, deck inverters 88, and deck motor speed sensors 52
is illustrated in FIG. 3, in reality, the three deck motors
60 are installed asillustrated in FIG. 2, and thus the three
deck inverters 88 and three deck motor speed sensors
52 are installed in the control system 80 accordingly.
[0026] The left travel inverter 84 drives the left travel
motor 30, and the right travel inverter 86 drives the right
travel motor 31. Each of the travel inverter 84 and 86 is
equipped with, for example, atravelinverter circuit, which
includes three arms, each of which has two switching
elements electrically connected in series, and a travel
inverter control device, which controls the travel inverter
circuit.

[0027] The actuation of each of the travel inverters 84
and 86 is controlled by the control device 40. Accordingly,
the left travel motor 30 is controlled by the control device
40 via the left travel inverter 84. The right travel motor 31
is controlled by the control device 40 via the right travel
inverter 86. Therefore, the rotational direction and rota-
tional frequency of the left travel motor 30 and the right
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travel motor 31 are independently controlled by the con-
trol device 40. Therefore, the left travel motor 30 and the
right travel motor 31 independently drive the left wheel
12 and the right wheel 13 with respect to the rotational
directions and rotational frequencies.

[0028] Furthermore, detected values of the rotational
frequency n (sec1) of the left travel motor 30 are input
from the left motor speed sensor 54 to the left travel in-
verter control device ofthe left travel inverter 84. Detected
values of the rotational frequency n (sec) of the right
travel motor 31 are input from the right motor speed sen-
sor 55 to the right travel inverter control device of the
right travel inverter 86. The left and right motor speed
sensors 54 and 55 detect the rotational frequencies of
the left and right travel motors 30 and 31, respectively.
Detected values of the rotational frequency of each of
the motor speed sensors 54 and 55 are output to the
control device 40.

[0029] Each of the deck inverters 88 drives the corre-
sponding deck motor 60. As with the travel inverter circuit
and travel inverter control device of each of the travel
inverters 84 and 86, each of the deck inverters 88 also
has a deck inverter circuit, and a deck inverter control
device that controls the deck inverter circuit.

[0030] The actuation of each of the deck inverters 88
is controlled by the control device 40. Accordingly, the
respective deck motor 60 is controlled by the control de-
vice 40 via the deck inverter 88. Thus, each of the lawn
mowing blades 18a, 18b, and 18c is driven to rotate by
the corresponding deck motor 60. Each of the deck mo-
tors 60 is basically driven to maintain a predetermined
target rotational frequency. The grass mowed by the
lawnmower 18 is discharged to one side of the vehicle
10 through a discharge duct 18d installed on one side of
the mower deck 19 in the left-right direction.

[0031] Furthermore, to the deck inverter control device
of each of the deck inverters 88, detected values of the
rotational frequency n (sec’!) of the deck motor 60 are
input from the respective deck motor speed sensor 52.
Each of the deck motor speed sensors 52 detects the
rotational frequency of the corresponding deck motor 60.
Detected values of rotational frequencies of the deck mo-
tor speed sensors 52 are output to the control device 40
via the corresponding deck inverters 88. Note that, in
FIG. 3, the power supply paths from the battery 82 are
illustrated with thick solid lines. Further, in FIG. 3, the
signal transmission paths are illustrated with thin solid
lines.

[0032] The control device 40 includes an arithmetic
section, such as a CPU, and a storage section, such as
amemory, and is configured of a microcomputer, for ex-
ample. The control device 40 obtains the operating po-
sitions of the two operation levers 22 and 23 based on
the detection signals of the left and right lever sensors
50 and 51, so as to set the respective target rotational
frequencies of the left travel motor 30 and right travel
motor 31 according to the operating positions of the re-
spective operation levers 22 and 23.



9 EP 4 252 520 A1 10

[0033] The control device 40 can perform execution of
both straight traveling and turn traveling by setting target
rotational frequencies of the left and right travel motors
30 and 31 according to the operating positions of the left
and right operation levers 22 and 23. Furthermore, the
vehicle 10 of the present example is configured with the
battery monitoring device 90 that monitors the battery
condition, which at least includes battery voltage in the
battery 82. Therefore, the battery monitoring device 90
detects battery voltage with a voltage sensor. Detected
values of battery voltage are output to the control device
40. The control device 40 decreases the upper limit of
the target rotational frequencies of at least one of the
travel motors 30 and 31 and the deck motors 60 to a first
rotational frequency limit, which is a preset first rotational
speed limit, based on detection results of the battery con-
dition including a detected value of a battery voltage Vb
from the battery monitoring device 90. Here, for example,
the control device 40 gradually, e.g., linearly, decreases
the upper limit of the target rotational frequencies of the
travel motors 30 and 31 in a predetermined time period,
which is set in advance, by a first predetermined amount
or first predetermined rate, which is set in advance. It is
also possible that the control device 40 gradually, e.g.,
linearly, decreases the upper limit of the target rotational
frequencies of the deck motors 60 in a predetermined
time period, which is set in advance, by a second prede-
termined amount or second predetermined rate, which
is set in advance.

[0034] According tothe configuration in the presentex-
ample, the load on the battery 82 can be reduced accord-
ing to the condition of the battery 82. Specifically, the
change amount in voltage of the battery 82 is different
according to the current output from the battery 82. In a
case where the change amount in voltage of the battery
82 is large, it means that the current output from the bat-
tery 82 is large, and thus the load on the battery 82 is
large. Therefore, it is desired to reduce the load on the
battery 82 in order to protect the battery 82. To solve this
problem, the configuration of the present example de-
creases the upper limit of the targetrotational frequencies
of at least one of the travel motors 30 and 31 and the
deck motors 60 in a case where the change amount in
detected values of battery voltage is large. Thereby, the
actual rotational frequencies are decreased, so that the
load on the battery 82 can be reduced. Further, it is not
necessary that the upper limit of power supplied to at
least one of the travel motors 30 and 31 and the deck
motors 60 is always kept sufficiently low to protect the
battery 82. Accordingly, both protection of the battery 82
and improvement of work efficiency can be achieved.
[0035] Furthermore, in a case where the change
amountin voltage of the battery 82 islarge and the current
output from the battery 82 is large, it is expected that the
lawnmower 18, which is a working device, is under a
large load. In this case, the deck motors 60 are overload-
ed, and thus protection of the deck motors 60 is desired.
In the configuration of the present example, if the upper
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limit of the target rotational frequencies of the deck mo-
tors 60 is decreased in a case where the change amount
in detected values of battery voltage is large, itis possible
to reduce the load on the battery 82 and protect the deck
motors 60.

[0036] Although the case in which the upper limit value
of the target rotational frequencies of the travel motors
30 and 31 is decreased in a case where the change
amount in voltage of the battery 82 is large is hereinafter
explained with reference to FIG. 4, the operation is similar
to the case in which the upper limit value of the target
rotational frequencies of the deck motors 60 is decreased
instead of the travel motors 30 and 31.

[0037] InFIG. 4, an example of the time course of volt-
age ofthe battery 82 and the upper limit value of rotational
frequency of the travel motors 30 and 31 in the embod-
iment is illustrated. In the example illustrated in FIG. 4,
in a case where the battery voltage Vb decreases with
the change amount in the battery voltage Vb from a ref-
erence voltage V1 being a first threshold AVbat or larger,
the control section 100 decreases the upper limit of the
target rotational frequency of each of the travel motors
30 and 31 from a reference rotational frequency vTO0 to
a setfirstrotational frequency limit vT1. Accordingly, both
protection of the battery 82 and improvement of work
efficiency can be achieved. In FIG. 4, an example of the
change in actual rotational frequency is illustrated with a
thick solid line in a lower portion of the drawing. In a case
where the upper limit value of the rotational frequency,
which is the upper limit of the target rotational frequency,
decreases from vTO to the first rotational frequency limit
vT1asillustratedin FIG. 4, the actual rotational frequency
also decreases to vT 1 if the first rotational frequency limit
vT1 is lower than the target rotational frequency after the
decrease in the upper limit value of the rotational fre-
quency. Accordingly, since the load on the battery 82 can
be reduced by the decrease in actual rotational frequen-
cy, both protection of the battery 82 and improvement of
work efficiency can be achieved.

[0038] InFIG. 5, the time course of voltage of the bat-
tery 82 and upper limit value of the rotational frequency
of the travel motors 30 and 31 in another example of the
embodiment is illustrated. In the example illustrated in
FIG. 5, each time a change of battery voltage occurs, the
control section 100 adjusts the upper limit of the target
rotational frequency of each of the travel motors 30 and
31 according to the magnitude of the change amount
from the reference voltage V1 or V2. Specifically, in a
case where the battery voltage Vb decreases to the volt-
age V2 with the magnitude of change amount in the bat-
tery voltage Vb from the reference voltage V1 being the
first threshold AVbat1 or larger, the control section 100
decreases the upper limit of the target rotational frequen-
cy of each of the travel motors 30 and 31 from the refer-
ence rotational frequency vTO to the set first rotational
frequency limit vT 1, as in the configuration of FIG. 1 to
FIG. 4.

[0039] Furthermore, in a case where the battery volt-
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age Vb decreases further from the voltage V2, the control
section 100 sets the voltage V2 as the reference voltage
and decreases the upper limit of the target rotational fre-
quency of each of the travel motors 30 and 31 to a set
second rotational frequency limit vT2 according to the
magnitude of the change amount from the voltage V2.
For example, the voltage change amount AVbat1 is com-
pared with a voltage change amount AVbat2, and, in a
case where AVbat2 is smaller than AVbat1, the amount
of decrease of the second rotational frequency limit vT2
from the first rotational frequency limit vT1 is made small-
er than the amount of decrease of the first rotational fre-
quency limit vT1 from the reference rotational frequency
vTO0 by the ratio of the voltage change amounts
(AVbat2/AVbat1), for example. Contrarily, in a case
where AVbat?2 is larger than AVbat1, the amount of de-
crease of the second rotational frequency limit vT2 from
the first rotational frequency limit vT 1 is made larger than
the amount of decrease of the first rotational frequency
limit vT1 from the reference rotational frequency vTO0. Ac-
cordingly, the upper limit of the target rotational speed of
each of the travel motors 30 and 31 is adjusted.

[0040] Therefore, since the target rotational frequency
of each of the travel motors 30 and 31 can be decreased
in steps accordingto anincrease in the load on the battery
82, itis possible to protect the battery 82 while suppress-
ing a decrease in work efficiency, as compared to a case
in which the target rotational frequency is decreased sig-
nificantly all at once. In the present example, the other
configurations and functions are the same as those of
FIG. 1 to 4.

[0041] In the case of the present example, regarding
FIG. 5, it is also possible to have such a configuration in
which the upper limit of the target rotational frequency of
each deck motor 60 is adjusted according to the magni-
tude of the change amount in battery voltage from the
reference voltage V1, instead of or together with each of
the travel motors 30 and 31.

[0042] In FIG. 6A, the time course of voltage of the
battery 82, remaining charge amount (SOC) of the bat-
tery 82, and upper limit value of the rotational frequency
of the travel motors 30 and 31 in another example of the
embodiment is illustrated. In the configuration of the
present example, the battery condition monitored by the
battery monitoring device 90 includes a battery voltage
and a remaining charge amount (SOC) of the battery 82.
SOC can be expressed as a percentage (%) of the re-
maining charge amount to the full charge amount of the
battery 82.

[0043] Each time a change of battery voltage occurs,
the control device 40 adjusts the upper limit of the target
rotational frequency of each of the travel motors 30 and
31 according to the change amount from the reference
voltage V1 or V2 and a measured value of SOC. There-
fore, the battery monitoring device 90 calculates the SOC
by using, for example, a detected value of a current sen-
sor that detects the input and output current of the battery
82 or a detected value of the current sensor and a de-
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tected value of a voltage sensor that detects the voltage
of the battery 82. Measured values of SOC are output to
the control device 40.

[0044] In the example illustrated in FIG. 6A, as in the
case of FIG. 5, the magnitude of the change amount in
the battery voltage Vb from the reference voltage V1 be-
comes the first threshold AVbat1, and the battery voltage
Vb decreases to the voltage V2 and then decreases fur-
ther from the voltage V2. Further, after the battery voltage
Vb decreases by the first threshold AVbat1, the meas-
ured value of SOC of the battery 82 decreases to be
lower than the SOC threshold before the battery voltage
Vb decreases to be lower than the voltage V2.

[0045] In the present example, in a case where the
measured value of SOC is the SOC threshold or higher,
if the battery voltage Vb decreases with the magnitude
of the change amount in the battery voltage Vb from the
reference voltage V1 being the first threshold AVbat1 or
larger, the control device 40 decreases the upper limit of
the targetrotational frequency of each of the travel motors
30 and 31 to the set first rotational frequency limit vT1.
On the other hand, if the battery voltage Vb decreases
to be lower than the voltage V2 and the measured value
of SOC decreases to be lower than the SOC threshold,
the control device 40 decreases the upper limit of the
target rotational frequency of each of the travel motors
30 and 31 to the set second rotational frequency limit
vT2. Here, the decrease amount in rotational frequency
limit is changed depending on whether or not the meas-
ured value of SOC has decreased to be lower than the
SOC threshold. That is, in a case where the SOC meas-
urement value is lower than the SOC threshold, the de-
crease amount in rotational frequency limit is controlled
tobe larger than the case in which the SOC measurement
value is the SOC threshold or higher.

[0046] The change amountin voltage of the battery 82
varies with SOC. For lithium-ion batteries in particular,
the correlation between battery voltage and SOC is high.
Therefore, by using a change amount in voltage of the
battery 82 and a measured value of SOC to set a de-
crease amount in the rotational frequency limit of each
of the travel motors 30 and 31, both protection of the
battery 82 and improvement of work efficiency can be
achieved with higher precision. In the present example,
the other configurations and functions are the same as
those of FIG. 1 to 4.

[0047] In the case of the present example, regarding
FIG. 6A, it is also possible to have such a configuration
in which the upper limit of the target rotational frequency
of each deck motor 60 is adjusted according to the
change amountin battery voltage from the reference volt-
age V1 and the measured value of SOC, instead of or
together with each of the travel motors 30 and 31.
[0048] Further, regarding the above-described config-
uration explained using FIG. 6A, it is also possible to
have such a configuration in which the values of the first
threshold AVbat1 and the threshold AVbat2a are
changed according to measured values of SOC. For ex-
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ample, the value of the threshold in a case where the
measured value of SOC is higher than 0 and lower than
30% may be different from the value of the threshold in
a case where the measured value of SOC is 30% or high-
er.

[0049] Further, regarding each of the above-described
examples, it is also possible to have such a configuration
in which the upper limit of the target rotational frequencies
of at least one of the travel motors 30 and 31 and the
deck motors 60 is decreased by using the change rate
of battery voltage to the reference voltage V1 or V2, in-
stead of the decrease amount in battery voltage from the
reference voltage V1 or V2. Further, although, in the con-
figuration explained using FIG. 6A, the change amount
in battery voltage and the measured value of SOC are
used to determine whether or not to decrease the upper
limit of the target rotational frequencies of at least one of
the travel motors 30 and 31 and the deck motors 60, it
is also possible to use a measured value of the maximum
discharge current of the battery 82, instead of the meas-
ured value of SOC. Here, itis also possible to have such
a configuration in which, if the measured value of the
maximum discharge current is a predetermined current
value or higher and the change amount or change rate
of battery voltage from the reference voltage V1 is a pre-
determined value or higher, the upper limit of the target
rotational frequencies of at least one of the travel motors
30 and 31 and the deck motors 60 is decreased more
significantly, configured to the case in which the meas-
ured value of the maximum discharge current is lower
than the predetermined current value. According to this
configuration, it is possible to achieve both protection of
the battery 82 and improvement of work efficiency with
higher precision.

[0050] In each of the above-described examples, the
configuration for decreasing the upper limit of the target
rotational frequency of each of the travel motors 30 and
31 could be, for example, the method illustrated in FIG.
6B or FIG. 6C. FIG. 6B is a diagram in which an example
of the case of decreasing the upper rotational frequency
limit of the travel motors 30 and 31 in the embodiment is
illustrated with a relationship between the rotational fre-
quency of the travel motors 30 and 31 and the control
position of the operation levers 22 and 23, which consti-
tute the operation section. In the method illustrated in
FIG. 6B, under the normal condition in which the upper
rotational frequency limit of the travel motors is not de-
creased, in a case where the control position, i.e., the
operation position, of the operation levers 22 and 23 is
0% at the initial position which directs the travel motors
to stop and is 100% at the position directing the rotational
frequency of the travel motors to be the highest, the con-
trol position and the rotational frequency have a directly
proportional relationship in the entire area of the control
position. As the control position approaches 100%, the
rotational frequency of the travel motors become linearly
higher. Here, the upper rotational frequency limit of the
travel motors is vTO at the timing where the control po-
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sition is 100%. On the other hand, in a case where the
upper rotational frequency limit of the travel motors is
decreased, the rotational frequency of the travel motors
is the upper rotational frequency limit vT1, which is lower
than the upper rotational frequency limit vTO before the
change, within the range of the control position from the
predetermined position P1, which is lower than 100%, to
100%.

[0051] FIG. 6C is adiagram in which another example
of the case of decreasing the upper rotational frequency
limit of the travel motors 30 and 31 in the embodiment is
illustrated with a relationship between the rotational fre-
quency of the travel motors 30 and 31 and the control
position of the operation levers 22 and 23, which consti-
tute the operation section. In the method illustrated in
FIG. 6C, the relationship between the control position
and the rotational frequency of the travel motors under
the normal condition is the same as in FIG. 6B. On the
other hand, in a case where the upper rotational frequen-
cy limit of the travel motors is decreased, the control po-
sition of 100% corresponds to the upper rotational fre-
quency limit vT1, which is lower than the upper rotational
frequency limit vTO before the change. Further, if the con-
trol position is other than 100%, the rotational frequency
increases linearly from 0 toward vT1 as the control posi-
tion approaches 100% from the initial position. In this
case, the rotational frequency corresponding to the con-
trol position is lower in the entire range of the control
position, as compared to the case under the normal con-
dition.

[0052] FIG. 6D is a diagram corresponding to FIG. 4
in another example of the embodiment. In the configura-
tion of the present example, each of the operation levers
22 and 23 directs the target torque of the corresponding
travel motor 30 or 31, based on its control position. In a
case where the battery voltage Vb decreases with the
magnitude of the change amount in the battery voltage
Vb from the reference voltage V1 being the first threshold
AVbat or higher, the control device decreases the upper
limit of the target torque of each of the travel motors 30
and 31 from a reference torque tTO to a set first torque
limit tT1. Accordingly, both protection of the battery 82
and improvement of work efficiency can be achieved. In
FIG. 6D, an example of the change in actual torque is
illustrated with the thick solid line in the lower portion of
the drawing. In a case where the torque upper limit value,
which is the upper limit of target torque, is decreased
from tTO to the first torque limit tT1 as in FIG. 6D, the
actual torque also decreases to tT1 if the first torque limit
tT1 is lower than the target torque after the decrease in
the torque upper limit value. Accordingly, since the load
on the battery 82 can be reduced by the decrease in the
actual torque, both protection of the battery 82 and im-
provement of work efficiency can be achieved.

[0053] Regarding FIG. 6D, it is also possible to have
such a configuration in which the upper limit of the target
torque of each of the deck motors 60 is adjusted accord-
ing to the magnitude of the change amount in the battery
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voltage Vb from the reference voltage V1, instead of or
together with each of the travel motors 30 and 31. For
example, it is also possible that each of the deck motors
60 is configured so that, in a case where the battery volt-
age Vb decreases with the magnitude of the change
amount in the battery voltage Vb from the reference volt-
age V1 beingthefirstthreshold AVbatorhigher, the target
torque decreases from a reference torque to a torque
limit. In the present example, the other configurations
and functions are the same as those of FIG. 1 to 4.
[0054] Although, in each of the above-described ex-
amples, the case is described in which the upper limit of
the target rotational frequency or target torque of motors
is decreased if the voltage of a battery changes signifi-
cantly, it is also possible that the motors are controlled
so that the upper limit of the actual rotational frequency
or actual torque of the motors is decreased.

[0055] FIG. 7 is a block diagram illustrating a control
system 80a of a vehicle in another example of the em-
bodiment. In the configuration of the present example,
the maximum discharge current is specified for the bat-
tery 82 for driving each of the travel motors 30 and 31
and each of the deck motors 60. The specified value of
the maximum discharge current is stored in advance in
a storage section of the control device 40 or is obtained
from the battery monitoring device 90 via a signal line S1
which is a communication unit. Here, it is also possible
to have such a configuration in which the maximum dis-
charge current is constantly sent from the battery moni-
toring device 90 via CAN communication. Instead of sig-
nal lines, it is also possible that the battery monitoring
device 90 and the control device 40 have a wireless com-
munication section as a communication unit for mutually
sending and receiving wireless signals.

[0056] Further, the vehicle is also equipped with a first
current sensor 61 that detects a discharge current ia
which is output from the battery 82 to the left travel in-
verter 84, a second current sensor 62 that detects a dis-
charge current ib which is output from the battery 82 to
the right travel inverter 86, and a third current sensor 63
that detects a discharge current ic which is output from
the battery 82 to each of the deck inverters 88. The first
current sensor 61, the second current sensor 62, and the
third current sensor 63 configure a current sensor that
measures the actual discharge current of the battery 82.
[0057] Detected values of the first current sensor 61
are obtained by the left travel inverter control device of
the left travel inverter 84. Detected values of the second
current sensor 62 are obtained by the right travel inverter
control device of the right travel inverter 86. Detected
values of the third current sensor 63 are obtained by the
deck inverter control device of the deck inverters 88. The
control device 40 obtains, via signal lines S2, S3, and
S4, the detected values of the discharge current from the
battery 82 to each of the travel inverters 84 and 86, which
are obtained by each of the travel inverters 84 and 86,
and the detected values of the discharge current from
the battery 82 to the deckinverters 88, which are obtained
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by the deck inverters 88, so as to calculate the actual
discharge current of the battery 82, based on the sum of
the respective detected values. Here, it is also possible
to have such a configuration in which the detected values
of the discharge current obtained by each of the inverters
84, 86, and 88 are constantly sent from each of the in-
verters 84, 86, and 88 via CAN communication. Instead
of signal lines, it is also possible that each of the inverters
84, 86, and 88 and the control device 40 have a wireless
communication section as a communication unit for
sending and receiving wireless signals between the in-
verters 84, 86, and 88 and the control device 40.
[0058] Furthermore, the control device 40 controls the
rotational speed of each of the travel motors 30 and 31
so that the actual discharge current of the battery 82 does
not exceed the specified maximum discharge current
while each deck motor 60 is being driven. For example,
the control device 40 decreases the target rotational fre-
quency of each of the travel motors 30 and 31 in a case
where the actual discharge current of the battery 82
reaches a threshold current, which is lower than the max-
imum discharge current. Here, for example, the control
device 40 gradually, e.g., linearly, decreases the target
rotational frequency of the travel motors 30 and 31 in a
predetermined time period, which is set in advance, by
the first predetermined amount or first predetermined
rate, which is set in advance, regardless of operations
on the left and right operation levers 22 and 23. Here, to
further enhance safety during traveling of the vehicle, it
is also possible to have such a configuration in which, in
a case where the left and right operation levers 22 and
23 are operated to decrease the speed of the vehicle,
the target rotational frequency of the travel motors 30
and 31 is decreased according to the operation.

[0059] According to the configuration of the present
example, by the control of the rotational frequency of
each of the travel motors 30 and 31, it is possible to pre-
vent the actual discharge current of the battery 82 from
exceeding the maximum discharge current while each
deck motor 60 is being driven. Thus, it is possible to pre-
vent the vehicle from stopping abruptly even in a case
where the process of cutting off the current flowing from
the battery 82 to each of the motors 30, 31, and 60 is
performed for the purpose of protecting the battery 82.
[0060] Further, if the control section 100 is configured
to obtain the maximum discharge current from the battery
monitoring device 90 via a communication unit, in a case
where the type of battery is changed, it is only necessary
to change the setting of the battery monitoring device 90
to set the maximum discharge current according to the
type of battery, and thus there is no need to change the
setting of the control section 100.

[0061] Further, as illustrated with a dashed line in FIG.
7, itis also possible that the vehicle is configured with a
battery currentsensor 64 that detects an actual discharge
current iz which is output from the battery 82. Further, it
is also possible to have such a configuration in which the
battery monitoring device 90 obtains detected values of
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the battery current sensor 64, and detected values of the
actual discharge current iz, which are obtained by the
battery monitoring device 90, are obtained by the control
device 40 via a signal line or wireless communication
section serving as a communication unit. According to
this configuration, in order for the control device 40 to
obtain the actual discharge current of the battery 82, it is
not necessary that the current sensor that detects the
discharge current of the battery 82 and the control device
40 are connected only with a signal line dedicated to send
detected values of the actual discharge current of the
battery 82.

[0062] Further, in the description above, although a
current sensor that detects the discharge current output
from the battery 82 to the inverters 84, 86, and 88 is
installed separately from each of the inverters 84, 86,
and 88, it is also possible that the current sensor is in-
cluded inside the inverter control device of each of the
inverters 84, 86, and 88.

[0063] InFIG.8,thedischarge currentfrom the battery
82tothe deckinverters 88 (the deck motor side discharge
current) and the discharge current to the travel inverters
84 and 86 (the travel motor side discharge current) as
well as the time course of the target rotational frequencies
of the deck motors 60 and the travel motors 30 and 31
in another example of the embodiment is illustrated. In
FIG. 8, the change in the amount of lawn in a travel path
ofthe vehicle is illustrated with shading, and darker shad-
ing indicates a greater amount of lawn at the position of
the vehicle at that point in time. In the part indicating the
amountoflawn, the amount of lawn is approximately con-
stant in each of the respective ranges indicated by mul-
tiple arrows, and, as the number assigned to an arrow is
larger, the amount of lawn is greater.

[0064] As illustrated in FIG. 8, the target rotational fre-
quency of the deck motors 60 is constant. Further, the
amount of operation of the left and right operation levers
22 and 23 toward the front side is constant from time 0
to t1, and thus the target rotational frequency of each of
the travel motors 30 and 31 is also constant. During the
time when the vehicle travels, the amount of lawn grad-
ually increases from time 0 toward t1, and thus the load
on the deck motor 60 becomes higher and the discharge
current on the deck motor side becomes higher. Further,
in the case at time t1 where the actual discharge current
of the battery 82 reaches a threshold current id, which is
lower than the maximum discharge current imax, the tar-
get rotational frequency of each of the travel motors 30
and 31 decreases thereafter. Accordingly, since the ve-
hicle speed decreases and thus the load on the deck
motors 60 decreases, the discharge current of the deck
motors 60 rises more slowly from time t1 to time t2 than
it did before then, and the discharge current of the deck
motors 60 decreases after time t2. Then, the actual dis-
charge current of the battery 82 gradually decreases and
reaches the threshold current id at time t3. Therefore,
the limit control of the target rotational frequency of each
of the travel motors 30 and 31 is released, and thus the
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target rotational frequency of each of the travel motors
30 and 31 is restored to the target rotational frequency
corresponding to the operation amount of the left and
right operation levers 22 and 23.

[0065] Since the actual discharge current of the battery
82 is prevented from exceeding the maximum discharge
current in this way, protection of the battery 82 can be
achieved while preventing the vehicle from stopping
abruptly. Accordingly, both protection of the battery 82
and improvement of work efficiency can be achieved. In
the present example, the other configurations and func-
tions are the same as those of FIG. 1 to 4. In the config-
uration of the present example, it is also possible to have
such a configuration in which the control device 40 con-
trols the rotational speed of each of the travel motors 30
and 31 so that a predicted future discharge current, which
is calculated from the trend of past or current detected
discharge current of the battery 82, does not exceed the
specified maximum discharge current during the time
when each of the deck motors 60 is being driven.
[0066] In FIG. 9, an overview of a circuit configuration
to provide power from the battery 82 to the travel motors
30 and 31 (or the deck motors 60) in another example of
the embodiment is illustrated. In the present example,
the battery 82 is configured with multiple battery packs
101, 102, and 103. In the present example, the battery
82 has n battery packs 101, 102, and 103. The multiple
battery packs 101, 102, and 103 are removably connect-
ed to pack connection sections 104, respectively, which
enables the multiple battery packs 101, 102, and 103 to
be electrically connected in parallel to the travel inverters
84 and 86 (or the deck inverters 88). Although the follow-
ing explanation focuses on the configuration in which the
battery 82 and the travel motors 30 and 31 are connected
via the travel inverters 84 and 86, the same applies to
the configuration in which the battery 82 and the deck
motors 60 are connected via the deck inverters 88.
[0067] The pack connection sections 104 are connec-
tors such as plugs that are removably connected to con-
nectors of the battery packs 101, 102, and 103. Since
such pack connection sections 104 have a well-known
structure in the field of battery connection sections for
electrically power assisted bicycles, etc., a detailed de-
scription is omitted. The user can easily attach and de-
tach each of the multiple battery packs 101, 102, and 103
to the independently corresponding pack connection
section 104. The battery packs 101, 102, and 103 have
thevoltage Vbat_1,Vbat_2, ...,and Vbat_n, respectively.
[0068] One end side of each of multiple forward direc-
tional converters D1, D2, ..., and Dn, which can flow cur-
rent from the corresponding battery packs 101, 102, and
103 only in the direction of outputs to the travel motors
30 and 31 side, i.e., the load sections, is connected to
the respective multiple pack connection sections 104.
The forward directional converters D1, D2, ..., and Dn
are diodes, for example. The other ends of the multiple
forward directional converters D1, D2, ..., and Dn are
connected ata connection section 105. The travel motors
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30 and 31 are connected to the connection section 105
via the travel inverters 84 and 86.

[0069] According to the configuration of the present
example, in a case of outputting power from the multiple
battery packs 101, 102, and 103 to the load sections,
current can be output to the loadsin order from the battery
pack 101, 102, or 103 with the highest voltage among
the multiple battery packs 101, 102, and 103. According-
ly, there is no need to align the voltage of the multiple
battery packs 101, 102, and 103 in advance before out-
putting current from the battery 82 to the load sections.
Thus, it is possible to charge the battery 82 without ex-
cessively adjusting the voltage or charge amount of the
multiple battery packs 101, 102, and 103. Furthermore,
the voltage of the battery 82 can be more stabilized.
[0070] In FIG. 9, the case in which nis equalto 3 (n =
3) and the initial voltages of the multiple battery packs
101, 102, and 103 at the time of being connected to the
pack connection sections 104 are Vbat 1 > Vbat 2 >
Vbat_n is considered. In this case, since power is sup-
plied from the battery pack 101, which has the highest
voltage, to the load section side prior to the other battery
packs 102 and 103, the voltage of the battery pack 101
decreases. Further, in a case where the voltages of the
two battery packs 101 and 102 are equal to each other
(Vbat 1 =Vbat_2), power is supplied from both of the two
battery packs 101 and 102 to the load section side. Ac-
cordingly, the voltages of the two battery packs 101 and
102 decrease.

[0071] Furthermore, in a case where the voltages of
the three battery packs 101, 102, and 103 are equal to
each other (Vbat_1 = Vbat_2 = Vbat_3), power can be
supplied from all of the three battery packs 101, 102, and
103 to the load section side.

[0072] Inthe presentexample, the other configurations
and functions are the same as those of FIG. 1 to 4. Note
that the configuration of the present example may be
combined with the configuration of FIG. 5, the configu-
ration of FIG. 6A and FIG. 6D, or the configuration of FIG.
7 and FIG. 8.

[0073] InFIG. 10, an overview of a circuit configuration
to provide power from the battery 82 to the travel motors
30 and 31 (or the deck motors 60) in another example of
the embodiment is illustrated. In the present example,
one end sides of first bidirectional converters 110 are
respectively connected to the multiple pack connection
sections 104, to which the battery packs 101, 102, and
103 are connected, in parallel to the forward directional
converters D1, D2, ..., and Dn. The other end sides of
the first bidirectional converters 110 are connected to the
travel motors 30 and 31 (or the deck motors 60) via the
connection section 105 and the travel inverters 84 and
86 (or the deck inverters 88).

[0074] The first bidirectional converters 110 are the
switches SW1, SW2, ..., and SWn that are connected in
parallel to the forward directional converters D1, D2, ...,
and Dn. The switches SW1, SW2, ..., and SWn are sem-
iconductor switches or mechanical switches whose
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switching of conduction is controlled by a control signal
that is output from the control device 40. By switching,
each of the first bidirectional converters 110 can flow cur-
rent in both of the direction of outputs from the corre-
sponding battery packs 101, 102, and 103 and direction
of inputs to the corresponding battery packs 101, 102,
and 103.

[0075] Furthermore, the vehicle is equipped with volt-
age sensors 112, 113, and 114 that detect voltages of
the multiple battery packs 101, 102, and 103, respective-
ly. The detected signals representing detected values
Vbat_1, Vbat_2, and Vbat_3 of the voltage sensors 112,
113, and 114 are output to the control device 40.
[0076] The control device 40 determines whether or
not the voltages of two or more of the multiple battery
packs 101, 102, and 103 match, based on the detected
values of the voltage sensors 112, 113, and 114. Further,
in a case where it is determined by the control device 40
that voltages of two or more of the battery packs 101,
102, and 103 match, the control device 40 outputs the
control signals G1, G2, and Gn, which are for switching
to bidirectionally conductive, to the first bidirectional con-
verters 110 corresponding to the battery packs 101, 102,
and 103 whose voltages have matched. Accordingly, the
first bidirectional converters 110 corresponding to the
battery packs 101, 102, and 103 those voltages have
matched are switched to bidirectionally conductive.
[0077] According to the configuration of the present
example, by switching the first bidirectional converters
110 to bidirectionally conductive, power can be supplied
to the battery packs 101, 102, and 103 from the load
section side by power regeneration or the like to charge
the battery 82.

[0078] Furthermore, in a case where voltages of two
or more of the battery packs 101, 102, and 103 match,
the first bidirectional converters 110 corresponding to the
battery packs 101, 102, and 103 whose voltages have
matched are switched to bidirectionally conductive. Ac-
cordingly, in a case where power can be supplied to the
battery packs 101, 102, and 103 from the load section
side, it is possible to prevent power from being input or
output among the battery packs 101, 102, and 103. Ac-
cordingly, the voltage of the battery 82 can be more sta-
bilized.

[0079] In FIG. 10, the case in which n is equal to 3 (n
= 3) and the initial voltage of the multiple battery packs
101, 102, and 103 at the time of being connected to the
pack connection sections 104 are Vbat_1 > Vbat 2 >
Vbat_n is considered. In this case, if the battery pack 101
with the highest voltage is attached to the pack connec-
tion section 104, the control device 40 switches the cor-
responding first bidirectional converter 110 to bidirection-
ally conductive. Further, the voltage of the battery pack
101 is decreased as power is supplied from the battery
pack 101 to the load section side.

[0080] Next, in a case where the voltages of the two
battery packs 101 and 102 are equal to each other (Vbat
1 =Vbat_2), both of the first bidirectional converters 110
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corresponding to the two battery packs 101 and 102 are
switched to bidirectionally conductive. Here, power is
supplied to the load section side from both of the two
battery packs 101 and 102. Accordingly, the voltages of
the two battery packs 101 and 102 decrease.

[0081] Furthermore, in a case where the voltages of
the three battery packs 101, 102, and 103 are equal to
each other (Vbat_1 = Vbat_2 = Vbat_3), all of the first
bidirectional converters 110 corresponding to the three
battery packs 101, 102, and 103 are switched to bidirec-
tionally conductive. Here, power is supplied to the load
section side from all of the three battery packs 101, 102,
and 103.

[0082] Inthe presentexample, the other configurations
and functions are the same as those of FIG. 1 to 4 or the
configurations of FIG. 9. Note that the configuration of
the present example may be combined with the config-
uration of FIG. 5, the configuration of FIG. 6A, the con-
figuration of FIG. 6D, or the configuration of FIG. 7 and
FIG. 8. If such a configuration that can stabilize the bat-
tery voltage as described above is combined with the
configuration of FIG. 1 to FIG. 4, the configuration of FIG.
5, the configuration of FIG. 6A, the configuration of FIG.
6D, or the configuration of FIG. 7 and FIG. 8, protection
of the battery 82 becomes easier.

[0083] InFIG. 11, an overview of a circuit configuration
to provide power from the battery 82 to the travel motors
30 and 31 (or the deck motors 60) in another example of
the embodiment is illustrated. In the present example,
instead of omitting voltage sensors that detect voltages
ofthe respective battery packs 101, 102, and 103, current
sensors 115, 116, and 117 that detect the current values
Ibat_1, Ibat 2, and Ibat_3 that are output from the re-
spective battery packs 101, 102, and 103 are installed
on the vehicle. Detected signals of the current sensors
115, 116, and 117 are output to the control device 40.
[0084] The control device 40 determines whether or
not voltages of two or more of the multiple battery packs
101, 102, and 103 match, based on the detected values
of the respective current sensors 115, 116, and 117. Fur-
ther, in acase where itis determined by the control device
40 that voltages of two or more of the battery packs 101,
102, and 103 match, the control device 40 outputs the
control signals, which are for switching to bidirectionally
conductive, to the first bidirectional converters 110 cor-
responding to the battery packs 101, 102, and 103 whose
voltages have matched. Accordingly, the first bidirection-
al converters 110 corresponding to the battery packs 101,
102, and 103 those voltages have matched are switched
to bidirectionally conductive.

[0085] According to the configuration of the present
example, as with the configuration of FIG. 10, by switch-
ing the first bidirectional converters 110 to bidirectionally
conductive, power can be supplied to the battery packs
101, 102, and 103 from the load section side by power
regeneration or the like to charge the battery 82. In the
present example, the other configurations and functions
are the same as those of FIG. 10.
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[0086] InFIG.12,an overview of a circuit configuration
to provide power from the battery 82 to the travel motors
30 and 31 (or the deck motors 60) in another example of
the embodiment is illustrated. In the present example,
second bidirectional converters 118 are connected be-
tween the pack connection sections 104 and the connec-
tion section 105, instead of the first bidirectional convert-
ers 110 in the configuration of FIG. 10.

[0087] The second bidirectional converters 118 are
configured of electric field effect transistors (FET) with
parasiticdiodes. The second bidirectional converters 118
are controlled to switch conduction by control signals that
are output from the control device 40. By switching, each
of the second bidirectional converters 118 can flow cur-
rent in both of the direction of outputs from the corre-
sponding battery packs 101, 102, and 103 and direction
of inputs to the corresponding battery packs 101, 102,
and 103.

[0088] In FIG. 12, the case in which n is equal to 3 (n
= 3) and the initial voltage of the multiple battery packs
101, 102, and 103 at the time of being connected to the
pack connection sections 104 are Vbat_1 > Vbat 2 >
Vbat_n is considered. In this case, if the battery pack 101
with the highest voltage is attached to the pack connec-
tion section 104, the control device 40 switches the cor-
responding second bidirectional converter 118 to bidirec-
tionally conductive. Further, the voltage of the battery
pack 101 is decreased as power is supplied from the
battery pack 101 to the load section side.

[0089] Next, in a case where the voltages of the two
battery packs 101 and 102 are equal to each other (Vbat
1 = Vbat_2), both of the second bidirectional converters
118 corresponding to the two battery packs 101 and 102
are switched to bidirectionally conductive. Here, power
is supplied to the load section side from both of the two
battery packs 101 and 102. Accordingly, the voltages of
the two battery packs 101 and 102 decrease.

[0090] Furthermore, in a case where the voltages of
the three battery packs 101, 102, and 103 are equal to
each other (Vbat_1 =Vbat_2 =Vbat_3), all of the second
bidirectional converters 118 corresponding to the three
battery packs 101, 102, and 103 are switched to bidirec-
tionally conductive. Here, power is supplied to the load
section side from all of the three battery packs 101, 102,
and 103.

[0091] Inthepresentexample,the otherconfigurations
and functions are the same as those of FIG. 1 to FIG. 4,
the configurations of FIG. 9, or the configurations of FIG.
10. Note that the configuration of the present example
may be combined with the configuration of FIG. 5, the
configuration of FIG. 6A, the configuration of FIG. 6D,
the configuration of FIG. 7 and FIG. 8, or the configuration
of FIG. 11.

[0092] Atleast one of the above-described respective
embodiments has the configuration of the first electric
work vehicle according to the presentdisclosure. Accord-
ingly, since the load on the battery can be reduced by
decreasing the upper limit of rotational speed of a motor
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in a case where the load on the battery becomes high,
such as in a case where the change amount in voltage
of the battery that supplies power to the motor becomes
large, it is possible to achieve both protection of the bat-
tery and improvement of work efficiency.

[0093] Regarding the first electric work vehicle, it is al-
so possible to have such a configuration wherein, in a
case where a change amount in voltage of the battery
from a reference voltage or a magnitude of a change rate
of voltage of the battery to the reference voltage is a first
threshold or higher, the control section decreases the
upper limit of rotational speed of the motor to a set first
rotational speed limit.

[0094] Regarding the first electric work vehicle, it is al-
so possible to have such a configuration wherein, each
time a change in voltage of the battery occurs, the control
section adjusts the upper limit of rotational speed of the
motor according to a change amount from a reference
voltage or a magnitude of a change rate to the reference
voltage.

[0095] According to the above-described configura-
tion, itis possible to protect the battery while suppressing
a decrease in work efficiency, as compared to a case in
which the target rotational speed is decreased signifi-
cantly all at once.

[0096] Regarding the first electric work vehicle, it is al-
so possible to have such a configuration wherein the bat-
tery condition includes a remaining charge amount of the
battery, and wherein, each time a change in voltage of
the battery occurs, the control section adjusts the upper
limit of rotational speed of the motor according to a
change amount from a reference voltage or a change
rate to the reference voltage, and the remaining charge
amount.

[0097] According to the above-described configura-
tion, itis possible to achieve both protection of the battery
and improvement of work efficiency with higher precision.
[0098] Regarding the first electric work vehicle, it is al-
so possible to have such a configuration further including
a battery monitoring device configured to monitor the bat-
tery condition, wherein the control section decreases an
upper limit of target rotational speed of the motor so as
to decrease an upper limit of actual rotational speed,
based on a detected result with regard to the battery con-
dition from the battery monitoring device. Regarding the
first electric work vehicle, it is also possible to have such
a configuration wherein the at least one motor is a travel
motor which drives the at least one travelling device and
a work motor which drives the at least one working de-
vice.

[0099] At least one of the above-described respective
embodiments has the configuration of the second electric
work vehicle according to the present disclosure. Accord-
ingly, since the load on the battery can be reduced by
decreasing the upper limit of torque of a motor in a case
where the load on the battery becomes high, such as in
acase where the change amountin voltage of the battery
that supplies power to the motor becomes large, it is pos-
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sible to achieve both protection of the battery and im-
provement of work efficiency.

[0100] At least one of the above-described respective
embodiments has the configuration of the third electric
work vehicle according to the presentdisclosure. Accord-
ingly, by controlling the rotational speed of the travel mo-
tor, it is possible to prevent the discharge current of the
battery from exceeding the maximum discharge current
during driving of the work motor. Thus, it is possible to
prevent the vehicle from stopping abruptly even in a case
where the process of cutting off the current flowing from
the battery to each motor is performed for the purpose
of protecting the battery. Accordingly, both protection of
the battery and improvement of work efficiency can be
achieved.

[0101] Regarding the third electric work vehicle, it is
also possible to have such a configuration further includ-
ing a battery monitoring device configured to monitor a
condition of the battery, wherein the control section ob-
tains the maximum discharge current from the battery
monitoring device via a communication unit.

[0102] According to the above-described configura-
tion, in a case where the type of battery is changed, it is
only necessary to change the setting of the battery mon-
itoring device to set the maximum discharge current ac-
cording to the type of battery, and thus there is no need
to change the setting of the control section.

[0103] Regarding the third electric work vehicle, it is
also possible to have such a configuration wherein the
travel motor is driven by a travel inverter, wherein the
work motor is driven by a work inverter, and wherein the
control section calculates the discharge current from a
sum of a detected value of a discharge current from the
battery to the travel inverter, which is obtained by the
travel inverter, and a detected value of a discharge cur-
rent from the battery to the work inverter, which is ob-
tained by the work inverter.

[0104] According to the above-described configura-
tion, in order for the control section to obtain the discharge
current of the battery, it is not necessary that the current
sensor that detects the discharge current of the battery
and the control section are connected only with a signal
line dedicated to send detected values of the actual dis-
charge current of the battery.

[0105] Regarding the third electric work vehicle, it is
also possible to have such a configuration further includ-
ing a battery monitoring device configured to monitor a
condition of the battery, wherein the control section ob-
tains the discharge current from the battery monitoring
device via a communication unit.

[0106] According to the above-described configura-
tion, in order for the control section to obtain the actual
discharge current of the battery, it is not necessary that
the current sensor that detects the discharge current of
the battery and the control section are connected only
with a signal line dedicated to send detected values of
the actual discharge current of the battery.

[0107] Regarding the third electric work vehicle, it is
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also possible to have such a configuration further includ-
ing a sensor configured to measure the discharge current
of the battery, wherein the control section obtains the
discharge current from the sensor via a communication
unit.

[0108] Regarding any one of the first electric work ve-
hicle, the second electric work vehicle, and the third elec-
tric work vehicle, it is also possible to have such a con-
figuration wherein, regarding the battery, a plurality of
battery packs are removably connected to a plurality of
pack connection sections, so that the plurality of battery
packs can be electrically connected in parallel, and
wherein forward directional converters that can flow cur-
rent only in a direction of an output from the correspond-
ing battery packs are connected to the plurality of pack
connection sections, respectively.

[0109] According to the above-described configura-
tion, in a case of outputting power from the multiple bat-
tery packs to the load sections, current can be output to
the load sections in order from the battery pack with the
highest voltage among the multiple battery packs. Ac-
cordingly, there is no need to align the voltages of the
multiple battery packs in advance before outputting cur-
rent from the battery to the load sections. Thus, it is pos-
sible to charge the battery without excessively adjusting
the voltages or charge amounts of the multiple battery
packs.

[0110] Regarding any one of the first electric work ve-
hicle, the second electric work vehicle, and the third elec-
tric work vehicle, it is also possible to have such a first
configuration wherein, regarding the battery, a plurality
of battery packs are removably connected to a plurality
of pack connection sections, so that the plurality of battery
packs can be electrically connected in parallel, and
wherein bidirectional converters that can flow current in
both of a direction of an output from the corresponding
battery packs and a direction of an input to the corre-
sponding battery packs by switching therebetween are
connected to the plurality of pack connection sections,
respectively.

[0111] According to the above-described first configu-
ration, by switching the bidirectional converters to bidi-
rectionally conductive, power can be supplied to the bat-
tery packs from the load side by power regeneration or
the like, in order to charge the battery.

[0112] Regarding the above-described first configura-
tion, itis also possible to have such a configuration further
including a voltage sensor configured to detect voltages
of the plurality of battery packs, respectively, wherein,
based on a detected value of the voltage sensor, whether
or not voltages of two or more of the plurality of battery
packs match is determined.

[0113] According to the above-described configura-
tion, if the voltages of two or more battery packs match,
in a case where the bidirectional converters correspond-
ing to the battery packs whose voltages has matched are
configured to be switched to bidirectionally conductive,
wherein power can be supplied to the battery packs from
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the load section side, it is possible to prevent input and
output of power among the battery packs.

[0114] Regarding the above-described first configura-
tion, it is also possible to have such a configuration in-
cluding a current sensor configured to detect current val-
ues that are output from the plurality of battery packs,
respectively, wherein, based on a detected value of the
current sensor, whether or not voltages of two or more
of the plurality of battery packs match is determined.
[0115] According to the above-described configura-
tion, if the voltages of two or more battery packs match,
in a case where the bidirectional converters correspond-
ing to the battery packs whose voltages match are con-
figured to be switched to bidirectionally conductive,
wherein power can be supplied to the battery packs from
the load section side, it is possible to prevent input and
output of power among the battery packs.

[0116] According to an electric work vehicle of the
present disclosure, it is possible to achieve both protec-
tion of a battery and improvement of work efficiency.

Claims
1. An electric work vehicle comprising:

at least one motor to drive one or both of a trav-
elling device and a working device included in a
vehicle;

an operation section to direct a rotational speed
or actuation of the motor;

a control section to control the motor according
to an operation of the operation section; and

a battery to supply power to the motor,
wherein the control section decreases an upper
limit of rotational speed of the motor, based on
a detected result with regard to a battery condi-
tion including a voltage of the battery.

2. The electric work vehicle according to claim 1,
wherein, in a case where achange amountin voltage
of the battery from a reference voltage or a magni-
tude of a change rate of voltage of the battery to the
reference voltage is a first threshold or higher, the
control section decreases the upper limit of rotational
speed of the motor to a set first rotational speed limit.

3. The electric work vehicle according to claim 1,
wherein, each time a change in voltage of the battery
occurs, the control section adjusts the upper limit of
rotational speed of the motor according to a change
amount from a reference voltage or a magnitude of
a change rate to the reference voltage.

4. The electric work vehicle according to claim 1,

wherein the battery condition includes a remain-
ing charge amount of the battery, and
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wherein, each time a change in voltage of the
battery occurs, the control section adjusts the
upper limit of rotational speed of the motor ac-
cording to a change amount from a reference
voltage or a change rate to the reference volt-
age, and the remaining charge amount.

5. The electric work vehicle according to any one of
claims 1 to 4, further comprising

a battery monitoring device to monitor the bat-
tery condition,

wherein the control section decreases an upper
limit of target rotational speed of the motor so
as to decrease an upper limit of actual rotational
speed, based on a detected result with regard
to the battery condition from the battery moni-
toring device.

6. The electric work vehicle according to any one of
claims 1 to 5,
wherein the at least one motor is a travel motor which
drives the at least one travelling device and a work
motor which drives the at least one working device.

7. An electric work vehicle comprising:

at least one motor to drive one or both of a trav-
elling device and a working device included in a
vehicle;

an operation section to direct torque or actuation
of the motor;

a control section to control the motor according
to an operation of the operation section; and

a battery to supply power to the motor,
wherein the control section decreases an upper
limit of torque of the motor, based on a detected
result with regard to a battery condition including
a voltage of the battery.

8. An electric work vehicle comprising:

a travel motor to drive at least one travelling de-
vice;

a work motor to drive at least one working de-
vice;

a battery to supply power to the travel motor and
the work motor, the battery having a specified
maximum discharge current; and

a control section to control the travel motor and
the work motor,

wherein the control section controls a rotational
speed of the travel motor so that a discharge
current of the battery does not exceed the max-
imum discharge current during driving of the
work motor.

9. Theelectric work vehicle according to claim 8 further

10

15

20

25

30

35

40

45

50

16

28

comprising

a battery monitoring device to monitor a condi-
tion of the battery,

wherein the control section obtains the maxi-
mum discharge current from the battery moni-
toring device via a communication unit.

10. The electric work vehicle according to claim 8,

wherein the travel motor is driven by a travel
inverter,

wherein the work motor is driven by a work in-
verter, and

wherein the control section calculates the dis-
charge current from a sum of a detected value
of a discharge current from the battery to the
travel inverter, which is obtained by the travel
inverter, and a detected value of a discharge
current from the battery to the work inverter,
which is obtained by the work inverter.

11. The electric work vehicle according to claim 8, further
comprising

a battery monitoring device to monitor a condi-
tion of the battery,

wherein the control section obtains the dis-
charge current from the battery monitoring de-
vice via a communication unit.

12. The electric work vehicle according to claim 8, further
comprising

a sensor to measure the discharge current of
the battery,
wherein the control section obtains the dis-
charge current from the sensor via a communi-
cation unit.

13. The electric work vehicle according to any one of
claims 1, 7, and 8,

wherein, regarding the battery, a plurality of bat-
tery packs are removably connected to a plural-
ity of pack connection sections, so that the plu-
rality of battery packs can be electrically con-
nected in parallel, and

wherein forward directional converters that can
flow current only in a direction of an output from
the corresponding battery packs are connected
to the plurality of pack connection sections, re-
spectively.

14. The electric work vehicle according to any one of
claims 1, 7, and 8,

wherein, regarding the battery, a plurality of bat-
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tery packs are removably connected to a plural-
ity of pack connection sections, so that the plu-
rality of battery packs can be electrically con-
nected in parallel, and

wherein bidirectional converters that can flow
current in both of a direction of an output from
the corresponding battery packs and a direction
of an input to the corresponding battery packs
by switching therebetween are connected to the
plurality of pack connection sections, respec-
tively.

15. The electric work vehicle according to claim 14 fur-
ther comprising

a voltage sensor to detect voltages of the plu-
rality of battery packs, respectively,

wherein, based on a detected value of the volt-
age sensor, whether or not voltages of two or
more of the plurality of battery packs match is
determined.

16. The electric work vehicle according to claim 14 in-
cluding

a current sensor to detect current values that
are output from the plurality of battery packs,
respectively,

wherein, based on a detected value of the cur-
rent sensor, whether or not voltages of two or
more of the plurality of battery packs match is
determined.

17. The electric work vehicle according to claim 15 or 16,
wherein, in a case where voltages of two of the bat-
tery packs match, the bidirectional converters corre-
sponding to the battery packs whose voltages match
are switched to bidirectionally conductive.
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